CLINICAL GASTROENTEROLOGY AND HEPATOLOGY 2004;2:22-30
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Background & Aims: Polymorphism in interleukin-1§ (/L-
1PB) is associated with intragastric pH levels in Helico-
bacter pylori-positive subjects. Intragastric pH levels af-
fect the activity of antibiotics against H. pylori in the
stomach. The aim of this study was to investigate
whether IL-13 polymorphism is associated with eradica-
tion rates of H. pylori by triple therapy with a proton
pump inhibitor (PPI), amoxicillin, and clarithromycin.
Methods: Three hundred thirty-six patients infected with
H. pylori completed treatment with omeprazole, 20 mg,
or lansoprazole, 30 mg twice daily; clarithromycin, 200
mg 3 times daily; and amoxicillin, 500 mg 3 times daily,
for 1 week. IL-13-511 and CYP2C19 genotypes of pa-
tients and sensitivity of H. pylori to clarithromycin and
amoxicillin were determined. Results: Logistic regres-
sion analysis showed that the IL-13-511 polymorphism,
as well as CYP2C19 genotype of patients and clarithro-
mycin-resistance of H. pylori, was associated with suc-
cessful eradication. Eradication rates for H. pylori were
77.3% (75 of 97; 95% confidence interval, 67.5-84.6),
89.6% (147 of 164; 95% confidence interval, 83.9-
93.1), and 94.7% (95% confidence interval, 86.9-98.5)
in patients with the C/C, C/T, and T/T genotypes of
IL-13-511, respectively (P = 0.0014). Conclusions: IL-
13-511 polymorphism is one of the determinants of
successful eradication of H. pylori using triple therapy
with a PPI, amoxicillin, and clarithromycin, together with
CYP2C19 genotype and bacterial resistance to clarithro-
mycin.

elicobacter pylori infection is associated with upper-
H gastrointestinal diseases, including peptic ulcer dis-
ease, gastric adenocarcinoma, and gastric mucosa—associ-
ated lymphoid tissue lymphoma.'-* Indications for
eradication of the infection are continually expanding
and now include not only conditions in which there is
definitive proof of benefit, such as peptic ulcer disease,
gastric mucosa—associated lymphoid tissue lymphoma,
and prevention of recurrence of gastric cancer after mu-
cosal resection of early lesions,*~¢ but also conditions in

which the benefit is less defined, such as nonulcer dys-
pepsia, prevention of gastric adenocarcinoma, and long-
term use of proton pump inhibitors (PPIs). The ever-
expanding use of eradication therapy calls for elucidation
of factors associated with success or failure of such treat-
ment. This would help in designing better therapeutic
strategies and better identification of patients needing
treatment.

The most commonly prescribed treatment regimen for
eradication of infection caused by H. pylori is based on
triple therapy with a PPI and 2 antibiotic agents, such as
amoxicillin, clarithromycin, and metronidazole.” Cure
rates achieved by this regimen have fbeen reported to be
~85%-90%.8 An eradication failure rate of 10%-15%
has been reported by most studies. This poses a signifi-
cant clinical problem that has implications for the wider
dissemination of this form of antibiotic treatment.

One of the roles of PPIs in the PPI-based therapy is to
increase the stability and bioavailability of the antibiotics
by elevating intragastric pH to neutral levels. PPIs are
substitutes of benzimidazole and are metabolized mainly
in the liver by S-mephenytoin 4’-hydroxylase.® The gene
encoding this enzyme (CYP2C19) recently was found to
be polymorphic,!®-'2 and various mutations have been
described in different ethnic groups (heep://www.
imm.ki.se/CYPalleles/cyp2c19.htm). In Japanese popu-
lations, CYP2C19 variations are determined largely by
the combination of 2 point mutations, CYP2C19,,; in
exon 5 (ml) and CYP2C19,,, in exon 4 (m2).1!

Abbreviations used in this paper: 3*C-UBT, carbon 13-labeled urea
breath test; DU, duodenal ulcer; GU, gastric ulcer; hetEM, heterozygous
extensive metabolizer; homEM, homozygous extensive metabolizer;
IL-18, interleukin-Af; PCR, polymerase chain reaction; PM, poor me-
tabolizer; PPI, proton pump inhibitor; RFLP, restriction fragment length
polymorphism; RUT, rapid urease test; wt, wild type.
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Based on these polymorphisms, it is possible to clas-
sify subjects into 3 distinct phenotypes: homozygous
extensive metabolizers (homEMs), heterozygous exten-
sive metabolizers (hetEMs), and poor metabolizers
(PMs).t? In homEMs, both copies of the gene have no
mutations (wild type [wt]), and normal levels of the
enzyme can be generated. In hetEMs, 1 copy is mutated
in the coding region of CYP2C19, whereas the other has
no mutations and enzyme can be generated; enzyme
levels are slightly lower than those of homEMs. In PMs,
both copies are mutated, and normal enzyme levels can-
not be generated, resulting in deficiency of enzyme ac-
tivity.!* Frequencies of homEM, hetEM, and PM geno-
types in Japanese population are ~35%, 50%, and 15%,
respectively.!>'% Recently, plasma levels of PPIs and
their acid inhibitory effects have been found to depend
on CYP2C19 polymorphisms,®—%3 and eradication rates
using a PPI-based regimen have differed among patients
with different CYP2C19 genotypes.!’-1824-26 The erad-
ication rate of H. pylori using a PPI-based therapy in
patients with a PM or hetEM genotype of CYP2C19 is
greater than that in those with the homEM genotype.
These observations suggest that intragastric pH levels
during eradication therapy could be considered one of the
determinants of success or failure of eradication of H.
pylori, as indicated previously by Labenz et al.?’

H. pylori-induced inflammarion is mediated by a va-
riety of proinflammatory and anti-inflammatory cyto-
kines that are up-regulated in the presence of a bacteri-
um’s lipopolysaccharide, urease, and toxins.?®~3! One of
the key cytokines that has increased levels in the gastric
mucosa in this process is interleukin-1 (IL-1B).3" This
cytokine is important in initiating and amplifying in-
flammatory responses against the bacterium and also is a
potent inhibitor of gastric acid secretion.??-34 We previ-
ously reported that IL-13 has an important role in acid
suppression caused by H. pylori infection.?>2¢ The IL-1B
gene (IL-13) encoding IL-18 is highly polymorphic, and
several diallelic polymorphisms have been reported in the
promoter region (C/T transition at —511 and T/C tran-
sition at —31) and exon 5 (C/T
+3954).>"-40 However, in the Japanese population, the
IL-1B3-511 polymorphism (which is near total linkage
disequilibrium with the polymorphism at the —31 lo-
cus) is most important because of the high frequency of
the variant T allele. 43 Genotypic frequencies of IL-1f3-
511 C/C, C/T, and T/T in the Japanese population are
~30%, 50%, and 20%, respectively. 1124445 This poly-
morphism has been associated with increased IL-18
production in H. pylori—infected gastric mucosa®® and
gastric hyposecretion in Caucasian and Japanese popula-
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tions. 404246 The gastric hyposecretion is thought to be
related closely to risks for the development of gastric
cancer.®” Gastric juice pH levels in H. pylori—positive
subjects with the IL-13-511 T/T or C/T genotypes are
significantly greater than those in subjects with the
IL-13-511 C/C genotype**5; therefore, the former ge-
notypes were reported to increase the risk for the devel-
opment of noncardiac gastric cancer,40-48:49

In this study, we determined whether IL-1f polymot-
phisms had an effect on eradication rate using a PPI-
based triple therapy with reference to the CYP2C19
genotype of patients and sensitivity of H. pylori to anti-
microbial agents.

Methods
Subjects and Study Protocol

Study subjects consisted of 350 patients with gastric
ulcer (GU; n = 110), duodenal ulcer (DU, n == 87), or gastritis
only (n = 153). Mean age and weight of patients were 50.0 £
9.9 (SD) years and 62.2 = 9.1 kg, and 299 were men. These
patients had endoscopically and histologically proven peptic
ulcer or active chronic gastritis, and all were H. pylori positive
on the basis of rapid urease test (RUT) and culeure results and
histological characteristics, described next.

For eradication of H. pylori, 20 mg of omeprazole twice daily
(n = 175) or 30 mg of lansoprazole twice daily (n = 175), 200
mg of clarithromycin 3 times daily, and 500 mg of amoxicillin
3 times daily were administered for 1 week. Patients were
assigned randomly to administration of omeprazole or lanso-
prazole. In addition, patients with GU or DU were adminis-
tered a daily dose of 20 mg of omeprazole or 30 mg of
lansoprazole for 5 to 7 weeks after the triple therapy. Endo-
scopic examination and determination of H. pylori status were
petformed before and 1 month after the end of all treatments,
including a PP1 administered alone. Compliance with therapy
was assessed by pill counting. No patient consumed extensive
amounts of alcohol. No patient had taken any drug at least 1
week before or during the study. Throughout the study period,
investigators involved in the assessment of H. pyfori eradication
were unawate of IL-18 genotype, CYP2C19 genotype, and
clarithromycin-resistance test resules. The study protocol was
approved by the Human Institutional Review Board of
Hamamatsu University School of Medicine (Hamamatsu, Ja-
pan), and written informed consent was obtained from each
patient before participation in the study.

Endoscopic Examination and Determination
of H. pylori Infection and lts Sensitivity to
Clarithromycin and Amoxicillin

During gastroduodenoscopy, several biopsy specimens
from both the antrum and corpus of the greater curvature were
obtained for RUT, bacteriological culture, histological exam-
ination, and polymerase chain reaction (PCR) analysis. For
RUT, biopsy specimens were inoculated into the Modified
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Rapid Urease Test (Tokushumenekikenkyujo Co., Tokyo, Ja-
pan) or Helicocheck (Otsuka Co., Tokushima, Japan). A pos-
itive result was recorded when the color changed from yellow
to pink within 24 hours.

For bacterial culture and antimicrobial sensitivity testing,
biopsy samples were inoculated onto agar plates developed by
Dent and McNulty®® and incubated at 37°C under microaero-
philic conditions for up to 7 days. Colonies were identified as
H. pylovi on the basis of morphological characteristics in Gram
stains, oxidase and catalase tests, and RUT results. They then
were subcultured to determine minimum inhibitory concen-
trations of amoxicillin and clarithromycin by means of the agar
dilution method. Cutoff concentrations used to define resis-
tance were >0.5 pg/mL for amoxicillin and >1.0 pg/mL for
clarithromycin.’* Point mutations associated with clarithro-
mycin resistance of H. pylori, i.e., adenine to guanine mutation
ar 2143 (A2143G) or 2144 (A2144G), were determined by
PCR-—restriction fragment length polymorphism (RFLP) anal-
ysis of genomic DNA extracted from gastric tissue samples, as
previously reported.>? When the minimum inhibitory concen-
tration of clarithromycin was > 1.0 pg/mL or the A2143G ot
A2144G mutation was detected, the strain was considered
clarithromycin resistant. In addition, tissue samples were
stained with hematoxylin-eosin and Giemsa and examined
histopathologically for the presence of H. pylori. All biopsy
specimens were examined by the same pathologist, who was
unaware of any clinical informarion regarding the patients. All
patients also underwent a carbon 13—labeled (*C)-urea breath
test (UBT). Eradication of H. pylori was judged based on
results of culrure, histological examination, RUT, and *C-
UBT. When all these tests yielded negative results 1 month
after treatment, eradicacion of H. pyleri was judged to have
been achieved. When any 1 of these tests yielded a positive
result, failure to cure H. pylori infection was diagnosed.

PCR-RFLP Analysis for IL-18-511 and
CYP2C19 Genotype Status

DNA was extracted from patients’ leukocytes or gas-
tric biopsy samples by using a commercially available kit
(IsoQuick; Micro Probe Co., Garden Grove, CA). Genotyping
of the IL-1-511 polymorphism was determined using a PCR-
RFLP method, as previously reported.3”3942 Genotyping pro-
cedures identifying CYP2C19 wild-type (wt) gene and the 2
mutated alleles, CYP2C19,,; (m1) in exon 5 and CYP2C19,,,
(m2) in exon 4, also were performed using a PCR-RFLP
method with allele-specific primers, described by de Morais et
al.,’912 with minor modifications, described by Kubota et
al.’é

Statistical Analysis

Numerical values are given as mean = SI). Statisti-
cally significant differences in mean age; body weight;
and clarithromycin-sensitive/clarithromycin-resistant, male/
female, homEM/hetEM/PM, and GU/DU/gastritis-only ratios
among the different IL-13-511 genotype groups were deter-
mined using 1-way analysis of variance or X* test. Statistical
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significance of parameters associated with eradication of H.
pylori in relation to the independent effects of confounding
factors, such as JL-1B-511 genotype starus, CYP2C19 geno-
type status, body weight, age, sex, GU/DU/gastritis-only,
lansoprazole/omeprazole, and clarithromycin-resistant/clar-
ithromycin-sensitive status was assessed by means of logistic
regression analysis. Sex, GU/DU/gastritis-only, lansoprazole/
omeprazole, clarithromycin-sensitive/clarithromycin-resistant,
CYP2C19 genotype status (homEM, hetEM, PM), and IL-1§3-
511 genotype status (C/C, C/T, T/T) were entered as categor-
ical variables, and body weight and age were entered as con-
Whether H. pylori
eradication rates differed among the different genotype groups
was determined by X? test. All P are 2-sided: P << 0.03 is
considered statistically significant.

tinuous variables in this analysis.

Results

Demographic data relating to the 350 patients
initially enrolled in chis study are listed in Table 1.
Man-woman ratios in the GU and DU groups were
higher than that of the gastritis-only group. Mean age of
patients wich gastritis only was the highest of the 3
groups; that of patients with GU was next, and that of
patients with DU was lowest. Mean body weight of
patients with gastritis only was less than those of patients
with GU and DU, perhaps because of the greacer per-
centage of women in the gastritis-only group.

W
H. pylori Antibiotic Sensitivity

Culture tests showed no amoxicillin-resistant
strains of H. pylori were present before treatment or after
failure of eradication therapy. Based on culture tests and
PCR-RFLP analysis for the 235-rRNA mutation associ-
ated with clarithromycin resistance, 48 of 336 patients
(14.3%) were found to be infected with clarithromycin-
resistant H. pylori strains, all of which had the A2144G
mutation. The discribution of these resistant strains was
equal among the 3 endoscopic groups (gastritis only,
13%; GU, 14%; and DU, 18%; P > 0.2; Table 1).

IL-13-511 and CYP2C19 Genotype
Frequency

Distribution of the 3 IL-13-511 genotypes in the
3 different endoscopic: groups is listed in Table 1. The
alleles at this locus were in Hardy-Weinberg equilib-
rium, with nonsignificant x? values. There were no sta-
tistically significant differences between the gastritis-
only, GU, or DU groups with regard to the prevalence of
any of the JL-1B-511 genotypes (P > 0.2; Table 1).
Equally, distribution of the IL-1B-511 genotypes was
similar in men vs. women, patients with the 3 different
CYP2C19 genotypes, and patients with clarithromycin-
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Table 1. Distribution of Demographic, Bacterial, and Host Genetic Characteristics in the 350 Patients Comprising the

Gastritis-Only, GU, and DU Groups

Gastritis-only (n = 153) GU (n = 110) DU (n = 87) P

Mean age (yn 514+ 8.8 48.7 + 10.2 45.0 + 10.2 <0.001
Mean body weight (kg) 60.7 + 9.5 63.0 + 8.8 64.0 + 8.4 0.015
Sex {(men/women) 113/40 105/5 81/6 <0.001
Bacterial clarithromycin sensitivity

CAM-S (n = 299) 133 (87) 95 (86) 71 (82 0.50

CAM-R (n = 51} 20 {13) 15 (14) 16 (18
Host /L-13-511 genotypes

c/C 43 (28) 28 (25) 30 (34) 0.60

C/T 72 (47) 58 (53) 40 (46)

/T 38 (25) 24 (22) 17 (20)
Host CYP2C19 genotype

homEM 53 (35) 39 (36) 27 (31) 0.97

hetEM 78 (51) 56 (51) 486 (53)

PM 22 (14) 15 (14) 14 {16)

NOTE. Values expressed as mean £ SD, number of patients /total number, or number (percent).
GU, gastric ulcer; DU, duodenal ulcer; homEM, homozygous extensive metabolizer: hetEM, heterozygous extensive metabolizer; PM, poor
metabolizer; CAM-S, clarithromycin-sensitive strain of H. pylori; CAM-R, clarithromycin-resistant strain of H. pylori.,

resistant or clarithromycin-sensicive H. pylors strains
(Table 2).

Six differenc genotypic patterns for the CYP2C19
polvmorphisms were observed. One hundred nineteen
of 350 patients were homozygous for wt alleles in both
exon 5 and exon 4 (wt/wt), 127 patients were het-
erozygous for the CYP2(19,, murtation without the
CYP2C19,,, mutation (wt/ml), 53 patients were het-
erozygous for the CYP2C19,,
CYP2C19,,; mutation (wt/m2), 16 patients were het-
erozygous for both the CYP2C19,,; and CYP2CI19,,,

mutation without

mutations {(ml/m2), 29 patients were homozygous for
the CYP2C19,,; mutation without the CYP2C19,,,
mutation (ml1/m1l), and 6 patients were homozygous
for the CYP2(19,,> mutation without the CYP2(C19,,,
mutation (m2/m2). Based on these genotypes, patients
were classified into the following 3 genotypic groups:
the homEM group (wt/we; n = 119), hetEM group
(wt/ml or wt/m2; n = 180), and PM group (m1/m1,
ml/m2, or m2/m2; n = 51). Th&re was no significant
degree of linkage disequilibrium between the
CYP2C19 and IL-1[3-511 loci (data not shown).

Table 2. Distribution of /IL-18-511 Genotypes in 350 Patients Stratified on the Basis of Demographic, Bacterial, and Host

Genetic Characteristics

IL-18-511 C/C (n = 101} IL-15-511 C/T (n = 170) ILIBB11L T/T(n = 79) P

Mean age (yn) 48.9 = 7.9 48.6 - 111 49.9 = 9.8 0.53
Mean body weight (kg) 62.9 = 10.3 62.1 + 8.5 61.7 = 8.8 0.31
Sex

Men 83 (82) 151 (89) 85 (82)

Women 18 (18) 19 (11) 14 (18) 0.22
Endoscopic diagnosis

Gastritis only (n = 153) 43 (43) 72 (42) 38(48)

GU (n =~ 110) 28 (28) 58 (34) 24 (30) 0.88

DU (n = 87) 30 (30) 40 (24) 17 (22)
PP used

Omeprazole (n = 175) 47 (47 80 (47 48 (61)

Lansoprazole (n = 175) 54 (53 Q0 (53) 31 (39) 0.09
Host CYP2C19 genotype

homEM (n = 119) 38 (38) 58 (34) 23 (29)

hetEM (n - 180) 54 (53) 86 (51) 40 (51)

PM {n = 51} 9(9) 26 (15) 16 (20) 0.28
Bacterial clarithromycin sensitivity
CAM-S (n = 299) 84 (83) 146 (86) 69 (87)
CAM-R {n = 51) 17 (17} 24 (14) 10 (13) 0.71

NOTE. Values expressed as mean = SD or number (percent).

GU, gastric ulcer; DU, duodenal ulcer; homEM, homozygous extensive metabolizer; hetEM, heterozygous extensive metabolizer; PM, poor
metabolizer; CAM-S, clarithromycin-sensitive strain of H. pylori; CAM-R, clarithromycin-resistant strain of H. pylori.
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Table 3. Univariate Analysis of Parameters Associated With
Success or Failure of H. pylori Eradication in 336
Patients Who Completed the Study According to
the Protocol

Success of Failure of
eradication eradication P

Mean age (yn) 493 + 9.6 48.2=+123 0.50
Mean body weight (kg) 62.1 +88 63.0=*9.1 0.52
Sex

Men 251 (87) 38 (13)

Women 41 (89) 5(11) 0.67
Endoscopic diagnosis

Gastritis (n = 149) 133 (89) 16 (11)

GU (n = 105) 91 (87) 14 (13)

DU (n = 82) 69 (84) 13 (16) 0.53
PPl used

Omeprazole (n = 169) 149 (88) 20 (12)

Lansoprazole (n = 167) 144 (86) 23 (14) 0.59
1L-16-511 genotype

C/C{n=97) 75 (77) 22 (23)

C/T(n = 164) 147 (90) 17 (10)

T/T(n = 75) 71 (95) 4 (5) 0.001
CYP2C19 genotype

homEM (n == 113) 81(72) 32 (28)

hetEM (n = 172) 162 (94) 10 (6)

PM {n = 51) 50 (98) 1(2) <0.001
Clarithromycin sensitivity

CAM-S (n = 288) 269 (93) 19 (7)

CAM-R {(n = 48) 24 (50) 24 (50) <0.001

NOTE. Values expressed as mean * SD or number {percent).

GU, gastric ulcer; DU, duodenal uicer; homEM, homozygous extensive
metabolizer; hetEM, heterozygous extensive metabolizer, PM, poor
metabolizer; CAM-S, clarithromycir-sensitive strain of H. pylori;
CAM-R, clarithromycin-resistant strain of H. pylori.

CYP2C19 genotypes were distributed equally among
the 3 endoscopic groups (P > 0.2; Table 1).

Eradication Rates

No clinically undesirable side effects of triple
therapy were reported in this study. Of 350 patients
enrolled initially, 336 patients completed the study
according to the protocol. Fourteen patients were ex-
cluded from analysis because of poor compliance (n =
6) or refusal to undergo a second endoscopy (n = 8).
The analyses presented next pertain to the 336 pa-
tients who completed the study successfully. Of these
336 patients, 293 patients (87.2%) were successfully
cured of the infection, judged by negative *C-UBT,
RUT, bacterial culture, and histological examination
results, all performed at least 1 month after eradica-
tion therapy. In 43 patients (12.8%), eradication ther-
apy was judged to have failed. Failure of eradication
was distributed equally among the 3 endoscopic
groups (gastritis-only, 11%; GU, 13%; and DU, 16%;
P > 0.2; Table 3).
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Factors Influencing Eradication Rates

Because all 3 endoscopic groups were similar in
terms of eradication rates, H. pylori sensitivity to antibi-
otics, and distribution of IL-783-511 and CYP2C19 ge-
notypes, we combined the 3 groups (total, 336 patients)
for the purpose of analyzing factors that influence erad-
jcation rates. Univariate analysis showed that 3 factors
significantly influenced success of eradication therapy:
IL-13-511 genotype, CYP2C19 genotype, and H. pylori
clarithromycin resistance (Table 3). Thus, 95% of pa-
tients with the IL-1B-511 T/T genotype and 90% of
patients with the C/T genotype had H. pylori successfully
eradicated compared with 77% of patients with the C/C
genotype (P = 0.002 and P = 0.011, respectively;
Figure 1). Of 75 subjects with the T/T genotype, erad-
ication therapy failed in only 4 subjects compared with
22 of 97 subjects with the C/C genotype. In a logistic
regression model including all parameters, odds ratios for
successful eradication were 3.18 (95% confidence inter-
val, 1.24-8.11; P = 0.02) and 4.24 (95% confidence
interval, 1.14~15.76; P = 0.03) for the IL-13-511 C/T
and T/T genotypes, respectively, compared with the C/C
genotype (Table 4).

Similarly, 98% of patients with the CYP2C19 PM
genotype and 94% of those with the hetEM genotype

L
P = 0.002

P=0.011

Eradication rate (%)
2

T
n=75)

ciC
(n=97)

IL-18-511 genotype

Figure 1. Eradication rates of H. pylori in the groups with the IL-15-
511 C/C, C/T, and T/T genotypes. Bars indicate 95% confidence
intervals. The eradication:rate in: the group with the /L-18-511 T/T
genotype was highest, that in the IL-18-51.1 C/T genotype group came
next, and that in the /L-18-512 C/C genotype group was the lowest.

(n = 164)

s
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Table 4. Logistic Regression Analysis of Parameters
Associated With Success or Failure of H. pylori
Eradication in 336 Patients Who Completed the
Study According to the Protocol

Parameter Odds ratio 95% Ci P

Age 1.03 0.99-1.1 0.19
Body weight 1.01 0.96-1.1 0.73
Sex

Men (reference) 1.00

Women 2.12 0.46-9.8 0.33
Endoscopic diagnosis

Gastritis (reference) 1.00

GU 0.60 0.22-1.7 0.34

DU 0.92 0.29-2.9 0.88
PPI

Omeprazole (reference) 1.00

Lansoprazole 0.88 0.36-2.2 0.78
CYP2C19 genotype

homEM (reference) 1.00

hetEM 9.10 3.3-24.9 <0.001

PM 97.76 8.8-1083.0 <0.001
Clarithromycin sensitivity

CAM-R {reference) 1.00

CAM-S 42.03 13.1-134.4 <0.001
IL-13-511 genotype

C/C (reference) 1.00

c/T 3.18 1.2-8.1 0.02

T/T 4,24 1.1-15.8 0.03

Cl, confidence interval; GU, gastric ulcer; DU, duodenal uicer; homEM,
homozygous extensive metabolizer; hetEM, heterozygous extensive
metabolizer; PM, poor metabolizer; CAM-S, clarithromycin-sensitive
strain of H. pylori; CAM-R, clarithromycin-resistant strain of H. pyfori.

underwent successful eradication compared with 72% of
patients with the homEM genotype (P << 0.0001 for
both; Table 3). Of 51 subjects with the PM genotype,
eradication failed in only 1 subject compared with 32 of
113 subjects with the homEM genotype. In a logistic
regression model including all parameters, odds ratios for
successful eradication were 9.01 (95% confidence inter-
val, 3.32-24.94; P < 0.0001) and 97.76 (95% confi-
dence interval, 8.82-1083.04; P = 0.0002) for the
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CYP2C19 hetEM and PM genotypes, respectively, com-
pared with the homEM genotype (Table 4).

Finally, 93% of patients who harbored clarithromy-
cin-sensitive H. pylori strains underwent successful erad-
ication compared with only 50% of those who had
clarithromycin-resistanc strains. In a logistic regression
model including all parameters, the odds ratio for suc-
cessful eradication was 42.0 (95% confidence interval,
13.1-134.4; P < 0.02) for clarithromycin-sensitive com-
pared with clarichromycin-resistant strains.

Effect of IL-13-511 Genotype on
Eradication Rate as a Function of CYP2C19
Genotype Status and Clarithromycin
Sensitivity

Table 5 lists eradication rates for 3 IL-1$3-511
genotype groups as a function of CYP2C19 genotype
status and clarithromycin sensirivity. In patients infected
with clarithromycin-resistant strains, the IL-18-511 T/T
genotype significantly increased che eradication rate to
78%, which appeared greater than those for the IL-18-
511 C/Cand C/T genotypes (35% and 50%, respectively;
P = 0.1195). Similarly, the CYP2C19 PM genotype
significantly increased the eradication rate to 89%,
which was significantly greater than cthose for the
homEM and hetEM genotypes (11% and 65%, respec-
tively; P <C 0.0001). In patients iffected with clarithro-
mycin-sensitive strains, the IL-183-511 T/T and C/T
genotypes significantly increased eradication rates to
97% and 96%, respectively, compared with an eradica-
tion rate of 86% in patients with the C/C genotype (P =
0.0096). Similarly, the CYP2C19 PM and hetEM geno-
types significantly increased eradication rates to 100%
and 97% compared with 84% in patients with the
homEM genotype (P < 0.0001). Thus, in both clarithro-
mycin-sensitive and clarithromycin-resistant strains of
H. pylori, having a CYP2C19 PM genotype and IL-13-

Table 5. Summary of Eradication Rates for 3 /L-15-511 Genotype Groups as Functions of CYP2C19 Genotype and Sensitivity

of H. pylori to Clarithromycin

18511
Sensitivity to clarithromycin CYP2C19 c/C c/T /T pa
Resistant (n = 48) homEM 10.0% (1/10) 12.5% (1/8) 0.0% (0/1) 0.93
hetEM 60.0% (37/5) 55.6% (5/9) 100% (3/3) 0.37
PM 100% (2/2) 100% (5/5) 80% (4/5) 0.47
Sensitive (n = 288) homEM 64.0% (16/25)b 89.6% (43/48) 95.4% (20/21) 0.005
hetEM 95.8% (46/48) 98.6% (72/73) 97.1% (33/34) 0.63
PM 100.0%(7/7) 100.0% (21/21) 100.0% (11/11)

homEM, homozygous extensive metabolizer; hetEM, heterozygous extensive metabolizer; PM, poor metabolizer.

a2 test.

bSignificantly lower than C,/T (P = 0.013) and T/T (P = 0.013, Fisher exact test).
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511 proinflammatory genotype (T/T or C/T) significantly
increases the chances of successful eradication.
Furthermore, each of these genotypes could enhance
the chances of eradication in the absence of the other
(Table 5). Finally, the effect of these 2 genotypes is most
dramatic when comparing subjects with both IL-13-511
T/T and CYP2C9 PM genotypes compared with subjects
with both IL-13-511 C/C and homEM genotypes. In
this case, eradication rates increased from 10% to 80% in
those with clarithromycin-resistant strains and 64% to
100% in those with clarichromycin-sensitive strains (Ta-

ble 5).

Discussion

The present study shows that 3 important factors
determine the success of eradication therapy based on a
1-week course including a PPI, clarithromycin, and
amoxicillin. Two of these factors, namely, clarithromycin
sensitivity and CYP2C19 genotype, have been described
before,'® and the present study confirms their signifi-
cance. Qur study reports for the first time that another
host genetic factor, namely, IL-1 genotype, also has an
important role in determining success of therapy. Thus,
subjects with the most proinflammatory IL-18 genotype
(—511 T/T) have a very high chance of successful erad-
ication, even in the presence of clarithromycin-resistant
strains. In subjects with an IL-1B3-511 T/T genotype and
CYP2C19 PM genotype, the risk for failure of eradica-
tion therapy is negligible.

Subjects with the IL-13-511 T/T and C/T genotypes
are at greater tisk for developing achlorhydria in response
to H. pylori infection.4*424¢ We found that the median
fasting intragastric pH was 6.5 in those with the T/T
genotype and 3.8 in those with the T/C genotype, which
was significantly higher than that in subjects with the
C/C genotype (median, pH 2.4).2 It is reasonable to
assume that such high pretreatment intragastric pH
levels in subjects with the proinflammatory IL-18-511
genotypes would requite little PPI effect vo drive the pH
even higher and maintain neutrality, in contrast to sub-
jects with the C/C genotype. The more rapid achieve-
ment of neutral intragastric pH in subjects with the
proinflammatory IL-1f3-511 genotypes would increase
the bioavailability of the 2 antibiotics that form part of
this eradication regimen. This clearly increases the ther-
apeutic efficacy of these antibiotics and is translated into
a greater success rate at eradication. In subjects with the
C/C genotype, the PPI has to be administered for a
longer time and, presumably, in a greater dose to achieve
similar levels of acid suppression.

In the present study, we found that the effect of the
IL-13-511 genotype on eradication rates was most ap-
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parent in patients with the CYP2C19 homEM genotype.
This probably reflects that these subjects have lower
plasma PPI levels (by virtue of the rapid metabolism of
the drug) and are slower at inhibiting intragastric acidity
in response to PPI therapy.'!9-2%3%>% This is particu-
larly the case during the first 3 days of dosing, as shown
in a recent study by Saitoh et al.>> As such, a proinflam-
matory and acid-lowering [L-1(3-511 genotype has a
much more marked effect in such subjects compared
with those with a CYP2C19 hetEM or PM genotype, in
whom the greater plasma PPI levels have a much more
marked and rapid inhibirory effect.

The corollary to these observations is that subjects
with the homEM and IL-1§-511 C/C genotypes will
require a longer duration of eradication therapy (or
greater PPI dose) to maximize chances of successful
treatment because a high dose of a PPI (i.e., lansoprazole,
30 mg 4 times daily) could attain complete acid inhibi-
tion in H. pylori—negative homEMs.2* Optimal PPI dose
and duration of treatment remain to be tested in a
prospective manper, but results are likely to have a major
impact on clinical practice in Asian populations, in
whom the frequency of CYP2C19 mutations are high
(139%—24%).16:56-38

In this study, we found no amoxicillin-resistant strains
in any of our subjects. This is in keeping with epidemi-
ological data available from many*geographic areas.®51.5%
Conversely, we found that nearly 15% of our H. pylori
isolates are resistant to clarithromycin. Murakami et al.>?
also reported that 23.3% of H. pylori isolate was resistant
to clarithromycin. The incidence of clarithromycin-resis-
tant strains of H. pylori in Japan is unacceptably high,
which causes understandable anxiety, particulatly in
view of the ever-expanding indications for use of this
antibiotic. For this reason, it is essential to maximize our
ability to successfully eradicate H. pylori with first-line
therapy. If this entails giving eradication therapy for a
longer period in some subjects who have certain IL-18 ot
CYP2C19 genotypes, that would be an acceptable price
to pay to avoid the expansion of clarithromycin resistance
in our populations.

In conclusion, our results indicate that genotyping of
the IL-1f3 polymorphism could be a prognostic indicator
of the success or failure of a PPI-based eradication ther-
apy, especially in subjects with the CYP2C19 homEM
genotype. Combination analysis of IL-18 polymorphism
with CYP2C19 genotype and bacterial resistance to an-
tibacterial agents could predict the therapeutic outcome
to trearment with standard regimens and could be useful
for optimal treatment for H. pylori infection. The clinical
usefulness, as well as cost-effectiveness, of this genotyp-
ing test for H. pylori eradication therapy remains to be

Material may be protected by copyright law (Title 17, U.S. Code)




January 2004

determined under an adequate study design in a prospec-
tive manner.
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